Vol. LXXX, No. 3 June, 1941 


THE 


BIOLOGICAL BULLETIN 


PUBLISHED BY THE MARINE BIOLOGICAL LABORATORY 


PIGMENT MIGRATION IN THE EYES OF THE MOTH, 
EPR A SUED NIELLAOZELLER 


M. F. DAY 


(From the Biological Laboratories, Harvard University) 


INTRODUCTION 


The movement of pigment in the eyes of insects has been described 
many times, but there is little information in the literature suggesting 
what factors are involved in bringing about this movement. In certain 
Crustacea it has been conclusively demonstrated (Kleinholz, 1936, 1938; 
Welsh, 1939, 1941) that the movement of the pigment from the “ dark " 
position into the "light" position is dependent upon the action of a 
hormone secreted by the eye stalk. In view of recent discoveries of 
reciprocal effects between insect and crustacean hormones (Hanstrom, 
1937; Brown and Meglitsch, 1940), the question arises as to whether 
endocrines also regulate pigment migration in the moth eye. There are 
at least three ways in which eye pigment migration in an insect might 
be controlled, namely, by hormones, by nerves, and by the action of the 
pigment cells as independent effectors. Possibly also a combination 
of these three methods of control might be found in some insects. 

Many of the early workers (see Demoll, 1911) believed that the con- 
trol was nervous in nature. But the experiments of Exner and Demoll 
(cf. review by Parker, 1932), and the subsequent work of Uchida 
(1934) on the long-horned grasshopper, indicated that the movement 
was generally slow in comparison with most nervous responses. Friza 
(1928) suggested, as a result of his study of Mantis religiosa, that the 
movement was humorally controlled. In addition, the work of Horst- 
mann (1935), in which he corroborated the conclusions of the older 
workers on the existence of a diurnal rhythm in pigment migration 
under constant conditions of the external environment, indicates that the 
response is not that of independent effectors, in which the pigment 
cells respond directly to light. Collins (1934), however, concluded 
that it was most likely that light acted directly on the pigment cells of 
the moth, Carpocapsa. 

In the following experiments, the movement of the eye pigment of 
the moth, Ephestia kuehniella Zeller, will be described, and an attempt 
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made to determine which of the three above-mentioned factors is re- 
sponsible for the movement. The study is based on the examination of 
serial sections of the heads of over 450 moths. 

The moths were bred in large glass jars, each containing about two 
inches of dry oatmeal. Under these conditions the life-cycle occupied 
about six weeks, a plentiful supply of adult moths thus being available 
at all times. Observations were made on sections of entire heads fixed 
in alcoholic Bouin's fluid, which penetrated with sufficient rapidity that 
no migration of pigment occurred. Results were comparable in this 
regard with those obtained with fixation by hot water, but histological 
preservation was better. Some sections were stained in Mallory's triple 
stain or impregnated by Bodian's protargol method, and others were 
depigmented in Grenacher's fluid, and subsequently stained or im- 
pregnated. 

It is a pleasure to thank Professor J. H. Welsh and Dr. L. H. Klein- 
holz for suggestions during the course of this work. 


ANATOMICAL CONSIDERATIONS 


Umbach (1934) described the eye structure of Ephestia in detail. 
The following description will therefore deal only with the pigment 
cells and other points which directly concern our discussion. Features 
of a single ommatidium are shown in Fig. 1. 

The pigment in the eye is arranged in three distinct groups, but at- 
tempts to homologize these with the pigment cells of Crustacea were 
unsuccessful. One group of pigment granules surrounds the bases of 
the rhabdoms and also extends below the basement membrane. Umbach 
(1934) has shown that this pigment in Ephestia is not contained in 
specific retinal pigment cells, as it is in many insects. Although in 
Ephestia the pigment is never completely withdrawn beneath the base- 
ment membrane, as in Vanessa (Demoll, 1917), it apparently exhibits 
some movement. But the extent of this movement does not exceed ten 
microns, and no attempt has been made to determine its cause. 

A second group of pigment granules 1s contained in cells which have 
a varied terminology. They are here called primary pigment cells, but 
have been referred to as iris pigment cells by Snodgrass (1935), as 
primary iris cells by Wigglesworth (1939), distal pigment cells by Col- 
lins, and accessory pigment cells by Uchida. These cells closely sur- 
round the crystalline cones. The nuclei are extremely flattened, and 
the pigment granules are arranged in a thin layer around the cones. 
Neither these cells nor their pigment granules have been observed to 
migrate. Finally, the large accessory pigment cells (secondary iris cells, 
Wigglesworth; principal pigment cells, Uchida) are very conspicuous 
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and contain most of the pigment granules. The entire cell moves, as 
well as the pigment granules contained in it, for the nuclei have been 
shown in depigmented preparations to have moved through a distance 
of about 30 microns, with the mid-point at about the proximal end of 
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Fic. 1. Longitudinal sections of two ommatidia from eyes of Ephestia in (a) 
dark-adapted, and (5) light-adapted positions, respectively. 


the crystalline cone. None of the pigment in the eyes of Ephestia has a 
reflecting function. 

Another important aspect of the structure of the eye is the size of 
the ommatidia. Umbach (1934) states that there are between 2,000 
and 2,500 in each eye. Between 60 and 70 of these are seen in each 
eye in a transverse section of the head (Fig. 2). The ommatidia vary 
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in size, the smallest being on the dorsal side, and the largest on the 
ventral side of the eye, the difference between the two extremes being 
about 20 per cent of their length. The accessory pigment cells migrate 
a greater distance in the larger ommatidia than they do in the smaller 
ones, as in Crustacea, where the greatest amount of migration occurs 
in the largest ommatidia which are found on the dorsal side of the eye. 
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Fic. 2. Transverse section of part of head of Ephestia, showing the arrange- 
ment and differences in size of the ommatidia. Pigment cells in light-adapted 
position. 


These differences make it necessary to select the central ommatidia for 
comparisons between eyes of insects treated in different ways. Also, 
the eyes of female moths are on the average slightly larger than those 
of males. The average length of the central ommatidia of ten males, 
measured from the basement membrane to the distal end of the crystal- 
line cone, was 177.3 microns, while that from ten females was 186.8 
microns, longer than the average of the males by 5 per cent. "Therefore 
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insects of only one sex were used in experiments when they were 1o be 
directly compared. 

Two other details of anatomy should be mentioned. The first is 
that no contractile fibers, such as were demonstrated by Welsh (1930) 
in the eyes of Palaemonctes, have been seen in the eyes of Ephestia. 
Movement of pigment granules and of the pigment cells probably results, 
as was suggested by Bennitt (1924), and Parker (1932), from proto- 
plasmic streamings or surgings, and a similar mechanism will probably 
explain the interesting movement (first demonstrated by Umbach) of 
the retinular cells themselves. Finally, Bodian preparations of both 
pigmented and depigmented eyes showed no sign of effector nerves 
supplying the accessory pigment cells. "The significance of such nega- 
tive evidence is, however, questionable in view of the difficulty of 
demonstrating nerves to sense hairs which occur in large numbers on 
the eyes of some insects. 


NORMAL MOVEMENT OF THE ACCESSORY PIGMENT CELLS 


The normal movement of the accessory pigment cells, such as occurs 
when a dark-adapted moth is exposed to light, can be followed by re- 
ferring to Fig. 3. First, it is to be noticed that the extreme dark posi- 
tion, as seen in Á, is rarely found. Moths kept for several days in the 
dark more frequently have their accessory pigment cells in a position 
similar to that in B. In this stage pigment granules are evenly dis- 
tributed and extend from the level of the distal ends of the cones to 
about 15 microns beneath their proximal ends, the level of the grouped 
retinular cell nuclei. The first movement of pigment in such an eye 
usually becomes evident as an increasing aggregation of the granules in 
the proximal part of the cells. This region of the cell then moves 
proximally toward the basement membrane (Fig. 3, D), accompanied 
by a simultaneous decrease in the size of the extensions of the pigment 
cells between the cones. As the proximal movement continues these ex- 
tensions become attenuated (Fig. 3, E), and the characteristic “ frayed ” 
region at the distal end is eventually withdrawn (Fig. 3, F). Between 
the two last-mentioned stages, movement of the pigment cell nuclei 
occurs. The final stage of movement involves the almost complete with- 
drawal of granules of the accessory pigment cells from between the 
cones (Fig. 3, G). Light alone is incapable of causing greater proximal 
movement than that seen in Fig. 3, G, but certain treatments described 
below may induce more extensive movement. 

The movement in Ephestia is not so simple a migration as was indi- 
cated by Collins (1934, Pl. 4) in Carpocapsa. Measurements of the 
distance of the pigment cells from the cones do not indicate all the 
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changes that occur, since two types of movement, lateral as well as longi- 
tudinal, are found. These are seen in stages E and F, and are equivalent 
to those observed by Peabody (1939) in the isopod, Idothea. The fact, 
well known in Crustacea, that the type of pigment migration varies in 
different species, holds also for insects. 


EXPERIMENTAL RESULTS 
Diurnal Rhythin 


The first experiments were made to determine whether a persistent 
diurnal rhythm existed in the movement of the pigment cells, as previ- 
ously recorded for many insects and Crustacea (for review, see Welsh, 
1939). In Ephestia, kept under constant illumination for four days, 
the pigment cells were found in the light-adapted position at any hour 
of the day or mght. Likewise, insects kept in darkness, with all other 
usually controlled factors maintained constant, had pigment cells in the 
dark position during both day and night. This is believed to be the first 
reported absence of a persistent diurnal rhythm in a moth. However, 
in view of the marked interspecific differences recorded by Welsh 
(1935), even within a single genus of crustaceans, and the absence of 
diurnal rhythm of pigment migration in Palaemonetes (Klemholz, 
1936), the differences between various insects are perhaps not so sur- 
prising. 

The majority of previous workers on Lepidoptera have made their 
observations on the changes of the pseudopupil, or on the presence of 
glow in the eye when illuminated at night. It has rarely been possible to 
demonstrate glow during the day. In Ephestia in constant darkness the 
eyes glow during the day as well as at night. The glow, however, dis- 
appears rapidly upon illumination,—as shown for other insects by many 
observers (see Merker, 1929). At a light intensity of 12 ft-candles, 
1 to 2 minutes are required for the glow to disappear from dark-adapted 
Ephestia at 25? C. Sections of eyes which exhibited glow and those 
from which it had just disappeared show that the changes in position of 
the pigment cells are frequently almost imperceptible. Glow in Ephestia 
is not caused by reflecting pigment, as in some Crustacea, nor does it 
seem likely that its appearance 1s due to the reflection of light from the 
tracheal tapetum between the rhabdoms. The cause of glow in insects 
deserves further study. 


The Effect of Light 


Intensity.—The effect of light of various intensities was determined. 
A standard source (15-watt Mazda bulb, filtered through Wratten 
Neutral Filter) was maintained at a constant distance from a group of 
insects which were inclosed, as in all subsequent experiments, in thin, 
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2-dram glass vials, plugged with cotton wool, and standing, bottom 
uppermost, in a container with white walls. All experiments were begun 
with an excess of moths, and insects which were persistently active, or 
which were settled facing away from the light, were not used. It was 
soon found that several factors had to be controlled in order to obtain 
consistent results. Since it seemed that the rate of response was in- 
fluenced by the age of the moths, only newly emerged virgins were 
used. .À further complication was found in some moths due to the 
presence of a parasite. In such cases many spores were found in sec- 
tions of the head, usually in the hemocoele, but sometimes also in the 
tissues. Such individuals were not considered in the experiments. 

Light intensity was varied by accurately calibrated neutral filters. 
The results are indicated in Fig. 4. In this method of presenting data, 
the technique employed involves measuring the pigment migration of a 
number of individuals (in this case, five), and then photographing an 
eve whose measurement is nearest the average. After 30 minutes ex- 
posure to an intensity of approximately 0.3 ft-candles, migration into 
the light position is incomplete. Above 3 ft-candles a maximum re- 
sponse is produced in the same period of time. While these results 
are readily reproducible, single measurements of proximal migration are 
insufficient to permit a determination of the exact type of relationship 
between intensity of light and distance migrated. In all subsequent 
experiments an intensity of 12 ft-candles was employed. 

The Rate of Movement.—The next step was to determine the time 
taken for the migration of the pigment cells in both directions, when 
intensity, temperature, and other factors were kept constant. The only 
method which is available in the case of Ephestia is to fix and section 
eves of moths which have been exposed to light for varying periods of 
time. Since this method has been shown by Welsh (1930) to be un- 
satisfactory in comparison with methods of direct observation which are 
applicable to animals with stalked eyes, the times given below can only 
be considered to indicate the approximate rates. 

The results of one experiment are recorded in Fig. 3 (B-G). Under 
the conditions of the experiment, movement could be demonstrated 
within one and one-half minutes after the exposure of the moths to 
light. Movement was most rapid between + and 7 minutes, and was 
completed within approximately 12 minutes. If, after 30 minutes, the 
light is removed, dark adaptation begins within 5 minutes, but takes 
somewhat longer for completion than movement under the influence of 
light, a conclusion in agreement with that of all previous workers on 
Crustacea and insects. In these experiments movement back to the 
dark position required about 20 minutes. 
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The Effect of Localized Light.—In the experiments of Bennitt 
(1932) exposure of only a small region of one eye of a crayfish resulted 
in pigment migration in all ommatidia of that eye and of the other eve 
as well Comparable experiments were performed with etherized 
Ephestia by covering both eyes except for a few ommatidia of one eye 
with the opaque mixture recommended by Crozier, Wolf, and Zerrahn- 
Wolf (1937). These moths were allowed to recover in the dark, and 
after 24 hours were exposed to 12 ft-candles for 20 minutes. Under 
these conditions the sectioned eyes frequently showed that only the 
region which had been exposed to the light exhibited pigment nugration 
(Fig. 5). Bennitt's results would be expected on the basis of the 
humoral theory of control of migration. The ease with which it is pos- 
sible to obtain unequal movement of different pigment cells in the same 
eye in Ephestia suggests that the humoral theory of control may not be 
applicable in this case. That other insects may react in a manner 
similar to Ephestia has been indicated by the work of Exner (1891) 
and Demoll (1911). 


The Effect of Temperature 


Rate of Migration.—Experiments exactly simulating those reported 
above on the rate of migration under constant light intensity were per- 
forined ata temperature of 12.5? C instead ot at 25° C. It was found 
that in the dark the pigment cells were extended over a greater distance 
proximally at 12.5? C. than at 25? C. (Fig. 6). However, movement 
of the pigment cells during light adaptation was in no wav different at 
the lower temperature, except that they did not have so far to travel 
before reaching the light position. The indications are, then, that the 
processes of movement have a temperature coefficient of 1.0 within the 
range 12.5 to 25? C. (but compare the results of Bennitt (1924) on 
Gammarns). 

Extremcs of Temperature—When the factor of temperature was 
found to have an effect on the position of the pigment cells in darkness, 
a series of experiments was performed to determine the effects of more 
extreme temperatures. Moths were placed in hght-tight containers at 
temperatures ol 37, 39 „1025 see samd 37? C. tor two hour NTC 
moths at the lowest temperature became immobile and those at 37° were 
extremely actives “All mere living, however, and were fixed@im the 
dark. Sections showed that the eyes of moths at temperatures from 
10° to 25° were in the normal dark-adapted position. At 3°, however, 
there was considerable movement toward the light position, while at 37° 
the pigment cells were concentrated between the cones, thus showing a 
more complete dark adaptation than is ever found under normal tem- 
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peratures (Fig. 7). This demonstrates for Ephestia a conclusion 
reached long ago for Crustacea by Congdon (1907), that low tempera- 
ture produces the same effect as light, and that high temperature has an 
opposite effect. In view of this latter finding, the result of two mutually 
opposite stimuli was investigated by exposing moths to a temperature of 
/? C. and a light intensity of 12 ft-candles at the same time. Under 
iese conditions the effect of light predominated over the effect of heat 


3/ 
tl 
in nine cases. However, in one moth, where the thresholds must have 
been approximately equalized, some of the pigment cells migrated into 
the extreme light position, while others migrated only slightly (Fig. 8). 
Interestingly enough, corresponding ommatidia in both eyes exhibited 
the same response, suggesting the possibility of a central control. 

The amount of proximal migration. produced in the dark by low 
temperature is greater in the ommatidia on the ventral side of the eye 
than in those on the dorsal side, as is the case in light adaptation at 
normal temperatures. The suggestion that such differences in the light- 
adapted eve are due to differences in the amount of light reaching each 
ommatidium is therefore untenable. 


The Effect of Mechanical Stimulation 


The rather unexpected effect of shaking which Horstmann (1935) 
reported on the phototactic responses of moths has been substantiated 
with Ephestia. lí a vial containing a moth is held toward the light and 
is tapped lightly, the moth exhibits a marked negative response. If the 
tapping is continued for about 15 seconds the moth will suddenly turn, 
progress towards the light, and is thereafter strongly positively photo- 
tactic. Sections were made of both light and dark-adapted Ephestia 
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EXPLANATION OF FIGURES 


6. The effect of temperature, showing spreading of pigment granules after 1 
min, ið helt 12500 

7. The effect ot (C4) darkness and 3° C., (B) light and 37° C. 

8. Irregular movement of pigment cells induced by simultaneous action of high 
temperature (37° C.) and light (12 ft-candles). 

9. The effect of anaesthetization by ether. Note the clumping of pigment 
granules. 

10. The effect of the injection of chloretone, inducing greater movement into 
the light position than is ever produced by light alone. 

11. The irregular movement into the light position induced by high tensions of 
carbon dioxide. 

12. Transverse section of the head, illustrating the effect of severing the left 
optic tract. Pigment in the left eye is in the light position, while that in the eye 
on the uninjured side is in the dark position. 
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before and after shaking. and of those which were positively and nega- 
tively phototactic. It was found that shaking had no demonstrable 
effect on the position of the accessory pigment cells, nor was there any 
effect of shaking on the rate of disappearance of glow. Conversely, 
glow could not be made to reappear just after its disappearance by any 
kind of mechanical stimulation. We can only conclude that in the case 
of Ephestia differences in phototactic response are not necessarily cor- 
related with obvious changes in the position of the pigment cells. 


The Effects of Certain Drugs, Anaesthetics, and Extracts 


Methods.—Injections of approximately 0.001 ml. of fluid were made 
into the thorax of moths by the microinjection method of Ephrussi and 
Beadle (1936).  Anaesthetization and injection, which occupied between 
one and two minutes, were performed in dim light. "The moths were 
then kept 15 to 20 minutes in darkness before fixing the eyes. Since 
it was possible that some of the injected substances might cause move- 
ment into the dark position, some of the injected animals were exposed 
to light. 

Ether.—In concentrations just sufficient to anaesthetize a moth, ether 
has the effect of sending the pigment even further into the dark position 
than dark alone. A secondary effect is noted when moths are exposed 
to ether for longer periods of time. The pigment cells are then ap- 
parently disorganized, and have a slight tendency even to move proxi- 
mally in an irregular fashion. The pigment granules may assume a 
clumped appearance (Fig. 9). The illumination of moths which are 
under the influence of either of these effects results in apparently normal 
proximal movement. 

Chlorctone.—Injection of substances causing proximal migration of 
pigment cells will obsenrenthe effects of ether, When a saturated 
aqueous solution of chloretone is injected into a dark-adapted moth, the 
pigment cells will migrate into the light position, even though the moths 
are kept in the dark. Usually the movement will be comparable to that 
produced by light, but sometimes the distance migrated is greater than 
is ever produced by light alone (Fig. 10). Chloretone might inhibit 
nerve impulses which would result in maintaining the pigment in the 
dark position. "This inhibition. could be exerted either upon motor 
nerves or on nerves innervating an incretory organ. À similar criticism 
can be made of any experiments with anaesthetics or drugs. 

The Effects of Adrenalin, Acetylcholine, and Prostigmin.—lf move- 
ment of pigment cells is under the control of the nervous system, it 
might be expected that the application of appropriate chemical mediators 
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would result in their response. Adrenalin and acetylcholine have both 
been extracted irom insects (von der Wense, 1038; Corteggiani and 
serfaty, 1939) but the existence of an adrenergic or cholinergic system 
has not been proved. The injection, with appropriate controls, of 
dilutions of 1: 1.000 and 1:10,0007adrenalin, and 1:10.000 and 1: 
100,000 acetylcholine produced no change in the position of the pigment 
cells. Prostigmin, though having some of the effects on behavior of 
Ephestia comparable to those described for eserine in the mantis by 
Roeder (1939) "did not influence tle pigment. cells. 

Head Extract.—Expernnents comparable to certain of those of 
Kleinholz (1936) were performed on Ephestia. The heads of ten light- 
adapted moths were triturated in 1 ml. of insect Ringer. The extract 
was boiled, cooled, and injected in the manner described above. Neither 
this concentration of the extract, nor a dilution of one part of extract 





to five of Ringer, produced any proximal migration of the pigment cells 
when the insects were kept in the dark. Nor did such injections inhibit 
movement when they were exposed to light. 

Sinus Gland Extract.—The sinus glands of three specimens of Uca 
pugilator were ground in 0.5 ml. of insect Ringer. The extract was 
boiled, cooled, and injected into dark-adapted moths. The results were 
negative, as with extracts of Ephestia. 

The Effect of High Tensions of Carbon Dioxide.—The striking 
anaesthetic effect of carbon dioxide on insects has been known for a 
long time. In Ephestia carbon dioxide produces a proximal migration 
greater than 1s ever produced by light alone. But this movement is not 
uniform, so that all cells do not react to exactly the same extent (Fig. 
11). The effect on the position of the pigment is still marked after 20 
minutes in the dark, by which time the insects have completely recovered 
from the anaesthetic effects. Bennitt and Merrick (1932) have reported 
a comparable result in Crustacea due to crowding, which they associate 
with oxygen lack. 


The Effects of Operative Techniques 


With carefully sharpened No. 12 hard steel needles an incision was 
made in the head capsule on the side of the frons along the ocular suture 
where the cuticle is easily punctured. From this approach the optic 
tract can be severed. Twenty moths were successfully operated upon 
in this way, and lived at least four days thereafter. It 1s of interest to 
note that an operation of this kind apparently releases the female from 
certain inhibitions to oviposition, for eggs were deposited in the vials 
far more frequently by operated than by control females. Several 
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operations did not completely sever the optic tract, and the results of 
such cases constitute controls. In every case in which the nerve fibers 
were completely severed, the pigment in that eye was in the light-adapted 
position, irrespective of the position of the pigment in the eve on the 
uninjured side. Moreover, once the pigment was brought into the light 
position by cutting the optic tract, it could never be caused to migrate 
back to the dark position, although appropriate methods (heat, ether, 
dark, etc.) were employed. Thus Fig. 12 shows a section of the head 
of an insect which had been kept for four days in the dark after an 
operation had been performed on the left eye (left side of the illustra- 
tion). The pigment cells on the unoperated side occupy the extreme 
dark position, while those on the operated side have taken up positions 
characteristic of cells released from their usual control, i.e., they have 
migrated further proxunally than they would under normal light con- 
ditions, and their movement is somewhat irregular. The difference 
between two such eyes can be detected in the living moth. 


DISCUSSION 


Two of the above experiments provide strong evidence against a 
hormonal control of movement. The effect of short exposures of light 
on a small number of ommatidia results in the movement of only a few 
pigment cells. A hormone in the blood stream would be more general 
in its action. But this experiment does not differentiate between a 
nervous control and the possibility that the cells behave as independent 
effectors. This latter possibility 1s shown to be untenable, however, by 
the results of cutting the optic tract, which also provides further evi- 
dence against the theory of humoral control, since the blood supply to 
the eye on the injured side 1s in no way impaired. There remains only 
the theory of the nervous control of pigment migration. 

The absence of diurnal rhythms of migration does not argue against 
the nervous control, and neither do the effects of light. The rate of 
movement is admittedly slow compared with speed of muscular move- 
inents in insects, but the movement does not appear to be muscular in 
nature. Reasons have been given above for discounting the evidence 
concerning the apparent absence of a nerve supply to the pigment cells. 
The remote possibility of the liberation of the appropriate chemical 
inediator occurring as the result of antidromic impulses along the sensory 
nerves should not be overlooked. 

The action of chloretone, carbon dioxide, light, and low temperature 
would be interpreted on the nervous theory as agents which cause cessa- 
tion or decrease of impulses from the brain which normally maintain 


PIGMENT MIGRATION IN MOTH EYES 280 


the pigment cells in the dark position. There is actually no positive 
evidence in favor of the nervous control since no method has been found 
for any arthropod which induces movement into the dark position, 
except darkness itself. 

In addition, it has been shown in the above experiments that changes 
in the phototactic behavior of Ephestia are not entirely dependent upon 
the position of the accessory pigment cells. Nevertheless, the variation 
in the position of the pigment should be considered in investigations on 
the behavior such as that of Brandt (1934), and may explain some of 
the irregularities which he reported. Likewise, the results reported by 
Taylor and Nickerson (1940) on changes in retinal potentials during 
light adaptation should also be considered in relation to the pigment 
migration which doubtless occurs in Galleria as in Ephestia. The pos- 
sibility of relating electrical response to migration of eye pigments has 
already been suggested in the case of some beetles by Jahn and Cres- 
citelli (1940). 

SUMMARY 


The accessory pigment cells in the eyes of Ephestia kuehniella mi- 
grate from their distal position between the cones to a more proximal 
position when exposed to light of sufficient intensity. 

À comparable, or even more marked, effect is produced by low tem- 
peratures, chloretone, high tensions of carbon dioxide, and by cutting 
the optic tract. 

Movement of individual cells can be induced by illuminating only a 
few of the ommatidia. This suggests that a hormonal method of control 
is unlikely. The fact that pigment cells can never be induced to migrate 
into the dark position once the optic tract has been severed suggests that 
the cells do not respond as independent effectors. 

In view of these several lines of evidence, though most of it is ad- 
mittedly negative, it is possible that the migration of the accessory pig- 
ment cells in the eyes of Ephestia may be principally controlled by a 
nervous mechanism. It should again be emphasized that any conclusions 
based on the study of moths cannot necessarily be applied to other 
insects, let alone to Crustacea. 
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